Objectives: To compare the outcomes of open reduction and internal fixation (ORIF), closed reduction and percutaneous pinning, hemiarthroplasty (HA), and reverse shoulder arthroplasty (RSA) for proximal humerus fractures.
INTRODUCTION
Proximal humerus fractures are the third most common type of fracture, comprising of 4% to 5% of all fractures. They commonly affect the elderly after low energy trauma. 1 In 2008, over 180,000 emergency department visits resulted from proximal humerus fractures. The rate of proximal humerus fractures in the United States has been increasing at over 13% per year over the past 30 years. [1] [2] [3] Although the majority of fractures are minimally displaced, surgical treatment is generally considered for unstable displaced 3-and 4-part fractures. 4 Several surgical treatment options are available, including open reduction and internal fixation (ORIF), closed reduction and percutaneous pinning (CRPP), hemiarthroplasty (HA), and reverse total shoulder arthroplasty (RSA). [5] [6] [7] Surgical treatment choice is largely dependent on the surgeon's interpretation of the type of fracture, degree of comminution and displacement, bone quality, and comfort level with a particular technique. In addition, patient functional status and expectations play a large role in decision making. A wide range of outcomes have been reported for each of these treatments. 3, [8] [9] [10] [11] [12] A consensus does not exist, however, regarding the optimal treatment strategy for such fractures. 5, 13 This is largely in part because of multiple factors, such as age, activity level, medical comorbidities, bone quality, degree of comminution, previous surgeries, and associated injuries that influence surgical decision making.
The purpose of this systematic review was to determine and compare outcomes of surgical treatments of 3-and 4-part proximal humerus fractures. The authors' hypothesis is that there will be no significant difference in results between different surgical treatments.
MATERIALS AND METHODS
A systematic review was performed using PRISMA (Preferred Reporting Items for Systematic Reviews and MetaAnalyses) guidelines with a PRISMA checklist.
14 Three independent reviewers (2 board-eligible orthopaedic surgeons and 1 orthopaedic surgery resident) completed the search. The search was performed on September 9, 2012 using an explicit search algorithm { ((((((((((((((((((((((((((((((((((((((((((((((((((((((humerus  [Title 15 inclusive. Both e-published and print journal articles were acceptable. However, meeting abstracts and proceedings were disallowed. All references within included studies were cross-referenced for potential inclusion if omitted from the initial search. If 2 or more separate studies reported on a duplicate population of subjects (eg, different lengths of follow-up), only the more/most recent study was retained for final analysis. Figure 1 demonstrates our search algorithm to generate the final studies for inclusion and analysis.
Descriptive statistics were calculated for each study and parameter variable. Continuous variable data were reported as mean 6 SD (weighted mean values where applicable). Categorical data was reported as frequencies with percentages. For all statistical analyses, P , 0.05 was deemed statistically significant. Study, subject-specific data, and surgical outcomes' data were compared using 2-proportion Z test calculators with alpha 0.05 because of the difference in sample sizes between compared groups. An internet-based statistical calculator was used for Z test calculation. Multivariate regression was also used to control for age differences between groups in comparing functional score, range of motion, reoperations, and mortality between cohorts. Study methodological quality and bias was evaluated using the Modified Coleman Methodology Score (MCMS). 16 This study quality checklist has been used in previous Orthopaedic and Sports Medicine research, applicable to both randomized and nonrandomized controlled trials. 17, 18 The MCMS is a 15-item instrument with a scaled potential score ranging from 0 to 100, with scores 85-100 (excellent), 70-84 (good), 55-69 (fair), and ,55 (poor).
The age of patients enrolled in each study was evaluated for a planned subgroup analysis with the goal to analyze the outcomes according to patient age greater and less than 70 years. This was performed assuming that RSA is indicated for patients greater than 70 years.
RESULTS
Before screening, 745 studies were identified. After eligibility screening and filtering through inclusion/exclusion criteria, 92 studies remained. There were significantly more single-center versus multicenter studies (92% vs. 8%, P , 0.001) ( Table 1 ). There were significantly more level 4 evidence studies (92%) versus all other levels (P , 0.001 for each). The mean study level of evidence was 3.5. Forty-nine studies evaluated the outcomes of ORIF only, 5 evaluated CRPP only, 26 HA only, 7 RSA only, 1 ORIF and HA, 1 ORIF and RSA, and 3 HA and RSA. A total of 4536 patients that underwent surgical intervention were available for analysis (88.1% clinical follow-up). The only significant age difference for all patients was between the ORIF group (62.3) and the RSA group (75.1) (P , 0.001) ( Table 1) . Overall mean study quality (through MCMS) was 30.4 (poor quality).
The mean postoperative American Shoulder and Elbow Score (ASES) in patients undergoing ORIF was significantly greater than those undergoing HA (P , 0.001; Z = 4.0) or RSA (P , 0.001; Z = 3.7) ( Table 2 for all specific score values). The mean postoperative Disabilities of Arm, Shoulder, and Hand (DASH) score was significantly better in patients undergoing ORIF versus HA (P , 0.026; Z = 2.2). The mean postoperative Constant score was significantly greater in patients undergoing ORIF versus HA (P , 0.001; Z = 6.1) and RSA versus HA (P = 0.034; Z = 2.1). Postoperative forward elevation (P = 0.01; Z = 2.5) and external rotation (P , 0.001; Z = 4.1) was significantly greater following ORIF versus HA. RSA had significantly less postoperative external rotation versus ORIF (P , 0.001; Z = 5.2) and HA (P = 0.002; Z = 3.1).
Controlling for age differences between groups, multivariate regression analysis (Table 3) demonstrated that ORIF had significantly better postoperative DASH (P = 0.001) and Constant (P = 0.002) scores and forward elevation motion (P = 0.012) than HA. Similarly, postoperative DASH (P = 0.049) and Constant (P = 0.014) scores and forward elevation motion (P = 0.041) were significantly better following ORIF versus RSA. In comparing HA with RSA, there was no significant difference in any clinical outcome measure.
Analysis of postoperative complications ( differences. There was a greater rate of complications following CRPP versus ORIF (P , 0.001; Z = 4.8), HA (P , 0.001; Z = 6.4), and RSA (P = 0.023; Z = 2.3). There was a lower rate of complications following HA versus RSA (P = 0.0018; Z = 3.1) and ORIF (P = 0.0019; Z = 3.1). There were significantly more reoperations following ORIF versus HA (P , 0.001; Z = 7.4) and RSA (P , 0.001; Z = 3.4).
DISCUSSION
The operative management of displaced unstable 3-and 4-part proximal humerus fractures is controversial. The purpose of this systematic review was to evaluate the outcomes of patients treated surgically with a minimum 1-year follow-up. This is the first systematic review evaluating all of these treatment options in the literature. The results suggest that patients undergoing ORIF had better postoperative clinical outcome scores (ASES, DASH, Constant) and motion versus CRPP, HA, and RSA. Although patients undergoing ORIF were significantly younger than those undergoing RSA, multivariate regression analysis (controlling for patient age) revealed that clinical outcome scores (DASH and Constant scores) and motion were significantly better following ORIF versus HA and RSA. However, the complication rate was significantly higher following ORIF (15%) versus HA (11.3%), and the reoperation rate was significantly higher following ORIF (12.7%) versus HA (4.9%) and RSA (5%). CRPP demonstrated the highest overall complication rate. The authors' hypothesis that RSA would demonstrate the best overall outcome was not confirmed. Nearly all studies were level 4 evidence (92%) with overall poor MCMS study methodological quality scores.
Three-and 4-part proximal humerus fractures are among the most severe type of proximal humerus fractures and comprise of approximately 5% of all proximal humerus fractures. The type of fracture pattern depends on the bone quality and mechanism of injury. It is more commonly seen in the elderly population with osteopenia as a result of a fall from a standing height. 19 There have been several studies published to date that support the use of ORIF, CRPP, HA, and RSA for the management of these fractures. On the contrary, there are several studies that demonstrate a high complication rate and less desirable outcomes for each of these surgical options, especially ORIF and CRPP. [3] [4] [5] [6] [7] [8] [11] [12] [13] [14] [15] [16] This conflicting data has led to a wide variety of treatment decisions made based on surgeon technical skills and previous experience level as opposed to a purely evidence-based approach.
There is significant interobserver variability between surgeons regarding interpretation of the type of fracture, degree of comminution and displacement, bone quality, and comfort level with a particular technique. In addition, current radiographic classification systems demonstrate significant interobserver variability. As a result, computed tomographybased classification systems have evolved. [20] [21] [22] Despite this evolution, no single classification is considered the gold standard at this time. This lack of a highly reliable classification system, combined with the above variables, further convolutes the ability to perform a high-quality, randomized controlled trial.
The findings in this study must be carefully interpreted. Despite the general trend toward improved outcomes with ORIF compared with the other treatment options, there is a higher reoperation and overall complication rate associated with ORIF versus HA and RSA. Unfortunately, of the studies that reported on the outcomes of ORIF, only 5 reported on ORIF using nonlocked plating. Therefore, we were unable to compare the results of locked and nonlocked plating. In the current healthcare environment, where value is playing a more crucial role in impacting surgeon behavior, ORIF may not be the most cost-effective treatment in comparison with HA or RSA. Further studies comparing the cost-effectiveness of these procedures are therefore warranted.
Strengths of this study include the large number of studies and subjects analyzed with several distinct surgical treatments, clear inclusion and exclusion criteria, utilization of a standardized search methodology, and use of validated outcome instruments. In addition, it is the first systematic review comparing ORIF, CRPP, HA, and RSA for the management of complex proximal humerus fractures. Age was recognized as a potential confounder because of the significant age differences between cohorts. With the age of the different groups as covariates, multivariate regression was used to compare the relationship between groups and postoperative outcomes to minimize the effect of age on the outcome variables. This analysis supported the above findings regarding ORIF versus HA and RSA but suggested that there is no significant difference between HA and RSA in all measured clinical outcomes. Limitations of this systematic review include a lack of randomized controlled trials, lack of long-term follow-up, and the majority of studies being level 4 retrospective case series. Overall, only 324 patients included in this study came from level 1 or 2 evidence, 405 patients from level 3 evidence, and the remainder from level 4 evidence. This lack of comparison and randomization introduces both observer and allocation bias. In addition, many studies were not specific regarding the indications for operative intervention. This introduces selection bias for such studies. Another limitation of this study review is the lack of subdividing patients into different age categories. For example, many would argue that the treatment algorithm for a 75-year-old patient differs from that for a 60-year-old patient, especially if the 60-year-old patient is a healthy active manual laborer. The authors attempted this subgroup analysis to strengthen the results; however, the available studies did not adequately provide enough information regarding the specific ages of the patients enrolled into their studies. Such a subgroup analysis in future studies is important in determining the most effective treatment for varying patient ages in the elderly population. Further, the status of the rotator cuff and bone mineral density play a large role in treatment selection. These issues were seldom addressed within the studies, yet need to be addressed in future investigations. In addition, accounting for patient activity level and comorbidities is also very important and must be the focus of future comparative studies. The patients who underwent ORIF and RSA both demonstrated good functional outcomes, with the outcomes of ORIF slightly superior to RSA, whereas the patients who underwent RSA had a significantly lower complication rate than those who underwent ORIF. Significantly worse outcomes and increased complications could be expected in this age group compared with the much younger ORIF group because of the higher comorbidities present in this age population. This, however, was not the case. The authors therefore postulate that, in patients older than age 70, RSA has the potential to be the most effective operative intervention. The current data to date, however, are yet to fully support this claim because of a lack of consistent accountability of age and associated comorbidities. Lastly, the authors recognize that it is difficult to control for fracture severity and bone quality. Currently, there is no gold standard fracture classification through which there is high intraobserver and interobserver agreement regarding the degree of comminution and bone quality. Not all 3-and 4-part fractures behave the same. Therefore, surgeons must be prepared for alternative treatment options such as HA or RSA in the setting of a high degree of comminution and or poor bone quality, which can lead to early failure with ORIF or CRPP.
CONCLUSIONS
Patients undergoing ORIF for proximal humerus fractures using older and newer locking and nonlocking plate technology demonstrate better clinical outcome scores but with a significantly higher reoperation rate. HA and RSA are effective alternatives as well, but tuberosity nonunion remains a concern with HA. Randomized controlled trials and cost 
